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General Overview 
The natural environment contains some of the most intriguing sources of bioactive compounds 
known to mankind. The presence of tetrodotoxin (TTX), a neurotoxin widely distributed in 
certain pufferfish species and the bioactive secondary metabolites found in marine invertebrates 
are examples of this phenomena. The contents of this research are divided into two major 
sections. Firstly, the evaluation of the causative agent of the fatal pufferfish poisoning known as 
TTX, in tropical pufferfish commonly found in the Solomon Islands waters. Secondly, the 
chemical and biological characterisation of bioactive compounds from marine invertebrates 
collected in Solomon Islands. 
 
Chapter 1: Investigation of tetrodotoxin from pufferfish collected in 
the Solomon Islands 
1-0 Introduction 
Tetrodotoxin (TTX) is a fatal neurotoxin known to exist in pufferfish1) and marine invertebrates 
such as crabs,2) blue-ringed octopus,3) to name a few and also in terrestrial animals such as 
newt.4) TTX abruptly affects victims by blocking the voltage-gated sodium ion channels, 
disrupts nerve coordination and muscle action potentials and causing progressive paralysis and 
death due to failure of the respiratory system.5,6) The major TTX analogues (Fig. 1) can be 
further classified into (1) hemilactal type analogues, (2) 5-deoxy-10,7-lactone type analogues, 
(3) 4,9- and 4,4a-anhydro type analogues and (4) tetrodonic acid type analogue.7,8) 
 
Mouse bioassay or modelled toxicity experiments have confirmed that TTX and its analogues 
vary in their voltage-gated sodium-ion channel blocking effect. TTX being more potent than 
other analogues affects mice at LD50 10 μg/kg.5) 11-oxoTTX toxicity was initially reported at 
120 μg/kg (minimum lethal dose, mice, i.p.), 9) however, experiments on rat skeletal muscle 
fibers revealing ED50 of 0.7 nM compared to TTX 4.1 nM,10) and smaller Kd values of 11-
oxoTTX (to rat brain membrane) compared to TTX,11) suggested that 11-oxoTTX is much more 
potent than TTX. The potency of TTX and its analogue such as 11-oxoTTX highlighted the 
importance of proper scientific research and regulations in seafood or pufferfish safety.  
 
Research into pufferfish poisoning is not well represented in the South Pacific region or 
Solomon Islands in particular, although few occurrences describing its effects have been 
reported in localized rural areas.12) However, since fish and other seafood are a source of protein 
to the citizens of Solomon Islands, and together with socioeconomic pressures that may affect 
food security and possibly alter food selectivity, I believe this scientific study will give citizens 
a clear and well-informed knowledge of fish selectivity for consumption and more importantly 
minimise the risk of pufferfish poisoning.  
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1-1 Procedure 
Sampling and Test Materials 
Three specimens of Arothron hispidus, three specimens of A. nigropunctatus and two specimens 
of Diodon holocanthus (Scheme 1) were collected in the Solomon Islands and transported to 
Tohoku University, Sendai, Japan. The pufferfish were dissected into respective organs (skin, 
liver, gonad, stomach, intestine, flesh), and were separately soaked in 15 mL of ethanol-water 
(7:3, v/v) in a disposable plastic tube (TPP, Trasadingen, Switzerland). Samples were kept 
below −25 °C until use. Additionally, four living specimens of A. nigropunctatus and three 
living specimens of A. hispidus (Scheme 1) were collected in Okinawa, Japan and sent to 
Tohoku University. After arrival, they were dissected into organs and kept frozen at −25 °C 
until use. 
Fig. 1. The structures of TTX and its analogues 
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The general procedure involved in sample preparations, toxins extraction and preliminary 
analysis of toxins were outlined in Scheme 1. Briefly described below are few important steps 
in preparing and analyzing the samples. 
 
1-1.1 Preliminary Liquid Chromatography-Fluorescent Detection (LC-FLD) analysis 
of TTXs in the skin of A. hispidus from the Solomon Islands 
 
An aliquot (0.5 mL) of each storage ethanol-water (7:3, v/v) solution was acidified by acetic 
acid, dried in vacuo, and dissolved in 0.5 mL of 0.05 M acetic acid. Part of the supernatant was 
diluted ten-fold with 0.05 M acetic acid and aliquot (2 μL) of this solution was applied to LC-
FLD for TTXs measurement. Similarly, a part of skin (0.25 g) was extracted with 1.25 mL 0.2 
M acetic acid (v/v) in boiling water, centrifuged and an aliquot (2 μL) was applied to LC-
FLD.13,14) 
 
1-1.2 Preparation of samples for HR-LC-MS analysis 
 
1-1.2.1 Ethanol-water (7:3, v/v) solution (the Solomon Islands samples) 
 
Procedure was similar to section 1-1.1 except that the sample in 0.5 mL of 0.05 M acetic acid 
was neutralized with NaOH aqueous solution, and then applied to activated charcoal packed in a 
glass pipette equilibrated with water. After washing charcoal with water, TTXs were eluted with 
1.5 mL of acetic acid-ethanol-water (2:50:48, v/v). An aliquot (50 μL) was dried in vacuo, 
dissolved in 50 μL of 0.05 M acetic acid, filtered through Cosmospin Filter H (Nacalai Tesque, 
Inc., Kyoto, Japan) and after dilution with 0.05 M acetic acid, an aliquot of this solution was 
used for HR-LC-MS. The recovery of TTXs in the organs from the activated charcoal was 
estimated at approximately 70% using LC-FLD. 
 
Scheme 1. The representative pictures of pufferfish and the general procedure used in 
the TTX analysis. 
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1-1.2.2 Organs of pufferfish from both Solomon Islands and Okinawa, Japan 
 
The organ was homogenized and an aliquot (0.25 g) was mixed with 1.25 mL of acetic acid-
water (1:99, v/v), boiled for 10 minutes, centrifuged (15,000× g) for 15 minutes and half of the 
supernatant was neutralized with 1 M NaOH, and then applied to the charcoal (column volume 
250 μL). From here on, the sample was treated by the same procedure as the final steps of 
section 1-1.2.1. 
 
1-1.3 Measurement and quantification analysis of TTXs and Saxitoxins (STXs). 
 
The HILIC LC-MS and MS/MS methods for TTXs and HR-LC-MS for STXs were performed 
as previously reported.8,15) Briefly, the LC system for TTXs and STXs (Shimadzu Nexera 
UHPLC System (Shimadzu, Kyoto, Japan)) consisted of LC-10AD pump (Shimadzu, Kyoto, 
Japan), autosampler (SIL-30AC, Shimadzu) and TSKgel Amide-80 column (150 × 2.0 mm i.d., 
particle size 5 μm, Tosoh, Tokyo, Japan). The mobile phase for TTX analysis was 16 mM 
ammonium formate in water/acetonitrile/formic acid (30:70:0.002, v/v) with a flow rate of 0.2 
mL/min at 28 °C in the isocratic mode with an injection volume of 2–3 μL and run time of 25 
min. For STX, 2 mM ammonium formate in water/acetonitrile/formic acid (30:62:0.0125, v/v) 
at a flow rate of 0.2 mL/min at 25 °C in the isocratic mode with an injection volume of 2.0 μL 
and run time of 30 min. 
The LC system connected to a Q-TOF MS spectrometer, MicrOTOFQII (Bruker Daltonics, 
Bremen, Germany) was equipped with an ESI source and consisted of the following MS 
spectrometer conditions: positive ionization mode, dry gas: nitrogen 7 L/min, dry temperature: 
180 °C, nebulizer:1.6 Bar, capillary: −4500 V. The [M + H]+ ions of all measured TTXs and 
STXs were analyzed in the extracted ion chromatograms (EIC). 
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1-2 Result/Discussion 16) 
1-2.1 Evaluation of TTX and its analogues in pufferfish from the Solomon Islands 
 
1-2.1.1 Result on preliminary LC-FLD analysis of TTXs in the skin of A. hispidus 
from the Solomon Islands 
 
Due to longer period of transportation and the likely hydrolyzation (decomposition) of TTX and 
certain analogues to tetrodonic acid (Fig. 1) type compounds, LC-FLD without specific pre-
purification were used to first examined the suitability of TTXs in the pufferfish samples (Fig. 
2). 
 
 
 
 
 
 
As observed, the peak area of tetrodonic acid type analogues (peak A) in both the ethanolic 
solution (Fig. 2b) and the extract of the skin (Fig. 2c) was approximately 60% to that of TTX 
(peak C). Other clearly observed peaks included 11-oxoTTX and 4-epi-11-oxoTTX (peak B 
composition), 4,9-anhydro-11-oxoTTX (peak D), 4-epiTTX (peak E) and 4,9-anhydroTTX 
(peak F). Despite partial conversion of TTXs into tetrodonic acid type analogues, pufferfish 
samples from the Solomon Islands are still in good condition for TTXs analysis.  
 
1-2.1.2 High Resolution-LC-MS characterization and quantitation of TTX and its 
analogues.  
 
TTX and its analogues were quantified by HR-LC-MS based on the standard curve for TTX. 
The typical mass chromatograms of major TTX analogues in the skin of A. hispidus No.3 
specimens are shown in Fig. 3. The major constituents in almost all the skin samples were TTX, 
4,9-anhydroTTX, 5,6,11-trideoxyTTX (with its 4-epi form), 4,4a-anhydro-5,6,11-trideoxyTTX, 
Fig. 2. The LC-FLD chromatograms of the skin extracts of the A. hispidus No.3 specimen 
from the Solomon Islands. (a) The TTXs standard solution (5 μL) containing TTX 1.0 
μg/mL, 4-epiTTX 0.18 μg/mL, and 4,9-anhydroTTX 0.24 μg/mL (att. 3), (b) Aliquot 
sample (6 μL) prepared from the ethanol-water (7:3, v/v) extract solution (10.5 mL/g) (att. 
6), (c) The sample solution (2 μL) of skin extract (0.2 M acetic acid (v/v) treated) of A. 
hispidus No.3 (att. 6). A: tetrodonic acid types, B: 11-oxoTTX and 4-epi-11-oxoTTX, C: 
TTX, D: 4,9-anhydro-11-oxoTTX, E: 4-epiTTX, F: 4,9-anhydroTTX. 
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and 4,9-anhydro-5,6,11-trideoxyTTX. Interestingly, 11-oxoTTX with its 4-epi and 4,9-anhydro 
forms were also observed. The HR-ESIMS/MS spectrum of 11-oxoTTX and TTX showed a 
similar fragmentation pattern with characteristic fragment ions at m/z 162.0660 (C8H8N3O) and 
178.0614 (C8H8N3O2) which corresponds to 2-aminohydroquinazoline and 2-
aminodihydroquinazone, respectively (Fig. 4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. HR-LC-MS/MS spectra of TTX (A) and 11-oxoTTX (B) in the skin of A. hispidus 
No.3 specimen from the Solomon Islands. Superimposed in the spectral data of TTX (A), 
were the predicted structures of the characteristic fragment ions of both TTX and 11-
oxoTTX.  
Fig. 3. HR-LC-MS chromatograms (extracted ion chromatograms: EICs) of treated 
sample (2 μL) prepared from the skin of A. hispidus No.3 specimen (25 mL/g) from the 
Solomon Islands preserved in ethanol solution. The concentration of sample solutions 
injected ranged from 0.03 μg/mL in minor analogues to 2.7 μg/mL in major TTXs as can 
be seen in the chromatogram profile. 
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1-2.1.3 The concentrations of TTX and its analogues in organs of A. hispidus,  
A. nigropunctatus, and D. holocanthus from the Solomon Islands 
 
The concentrations of TTXs were calculated from HR-LC-MS quantifications of each organs 
with their respective ethanolic solutions. Few analogues like 5,6,11-TrideoxyTTX and 4,9-
anhydro-5,6,11-trideoxyTTX were relatively higher in the ethanolic solutions than in the 
organs. Tables 1 and 2 show TTXs concentrations of A. hispidus and A. nigropunctatus from the 
Solomon Islands. Strong correlation of higher TTX concentration was detected in the skin of all 
toxic specimens with the highest in A. hispidus at 51.0 μg/g and in A. nigropunctatus, 28.7 μg/g. 
Other organs such as liver, ovary, testis, stomach, and intestine recorded relatively lower levels 
of TTX content. In addition, our investigation also show that TTXs in D. holocanthus from the 
Solomon Islands were less than the limit of detection (LOD; S/N > 3, 0.01 μg/g) in all the 
organs analysed (skin, liver, gonad, stomach, intestine, and flesh), even though only two 
specimens (a male and a female pufferfish) were tested. 
 
 
 
Table 1. TTX and its analogues (μg/g) in the organs of A. hispidus from the Solomon Islands. 
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1-2.2 The concentrations of TTX and its analogues in organs of A. hispidus and  
A. nigropunctatus from Okinawa, Japan 
 
Tables 3 and 4, show the TTXs concentrations of Okinawan pufferfish A. hispidus and A. 
nigropunctatus respectively. TTXs distribution profile in organs of Arothron species from 
Okinawa, Japan, reflected strong similarities to those from the Solomon Islands although 
variable TTXs contents exist as seen in the skin of one A. nigropunctatus from Okinawa (No.1 
male specimen) which showed very high levels of TTX and 11-oxoTTX at 255 and 42.4 μg/g, 
respectively. Similar to Solomon Islands pufferfish, the presence of more potent toxins such as 
TTX and 11-OxoTTX should be a notable concern in pufferfish poisoning. 
 
Table 2. TTX and its analogues (μg/g) in the organs of A. nigropunctatus from the Solomon Islands. 
For 11-oxoTTX and 4-epi-11-oxoTTX: LOD = 0.04 μg/g (S/N > 3), LOQ = 0.14 μg/g (S/N > 10), 
for other analogues: LOD = 0.01 μg/g (S/N > 3), LOQ = 0.03 μg/g (S/N > 10). 5,6,11-TrideoxyTTX 
was measured as the mixture with its 4-epi form 
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Table 3. TTX and its analogues (μg/g) in the organs of A. hispidus from Okinawa, Japan 
Table 4. TTX and its analogues (μg/g) in the organs of A. nigropunctatus from Okinawa, Japan. 
For 11-oxoTTX, 4-epi-11-oxoTTX and 4,9-anhyydro-11-oxoTTX: LOD = 0.04 μg/g (S/N > 3), 
LOQ = 0.14 μg/g (S/N > 10), for other analogues: LOD = 0.01 μg/g (S/N > 3), LOQ = 0.03 μg/g 
(S/N > 10). 5,6,11-TrideoxyTTX was measured as the mixture with its 4-epi form. 
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1-2.3 TTXs distribution profile in A. hispidus and A. nigropunctatus from the 
Solomon Islands and Okinawa, Japan 
 
Results from the same species of Solomon Islands and Okinawan pufferfish revealed similar 
TTXs distribution profile where skin contains the highest amount of TTX and its analogues 
(Fig. 5, 6) although variations were markedly seen even in the skin of all toxic specimens. This 
is contrary to the TTXs profile found in Japanese pufferfish Takifugu pardalis which contains 
higher TTX content in the reproductive organs (gonads)17) (Fig. 5, 6). On a molecular level, 
proteins which are implicated in the TTX accumulation system may contribute to variations in 
toxins profile among species. These are glycoproteins, named as PSTBP (puffer fish saxitoxin 
and tetrodotoxin binding protein), that bind to TTX and STX in the blood plasma of Takifugu 
pardalis.18) In addition, TTX was detected in the flesh of all toxic specimens from Okinawa, 
Japan (A. hispidus from 0.23 to 0.61 μg/g; A. nigropunctatus from 0.19 to 4.26 μg/g) including 
the single specimen from Solomon Islands (0.07 μg/g. n = 1) (Table 1, 3, 4). As a preventative 
measure, flesh of these species from Solomon Islands and Okinawa, Japan, should be banned 
from consumption. 
 
 
Fig. 5. TTXs distribution profile of A. hispidus (average of samples No.1-3) and 
A. nigropunctatus (average of samples No.1-3) from Solomon Islands 
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1-2.4 Investigation of STX and its analogues in A. hispidus and A. nigropunctatus 
from the Solomon Islands and Okinawa, Japan 
 
STX analysis revealed that the skin of all A. hispidus from Okinawa contain STX (0.09, 2.80, 
0.34 μg/g) while only one specimen show STX in the ovary. The concentration of STX 
equivalents (STX + dcSTX) at 3.46 μg/g in the skin of an A. hispidus specimen from Okinawa 
is much higher than the global regulatory limit of 800 μg/g of STX equivalents per kg of 
shellfish meat (e.g. Codex, EU, US, Japan).19-22) This poses even greater risk to pufferfish 
poisoning from Okinawan A. hispidus. STX in the pufferfish from the Solomon Islands was 
below LOD value (< 0.02 μg/g) however, to fully verify the status of STXs, further specimen 
collection and analysis are needed. 
1-3 Conclusion 
 
For all A. hispidus and A. nigropunctatus (from the Solomon Islands and Okinawa, Japan) 
tested, the concentrations of TTX and its analogues were higher in the skin and relatively lower 
in the liver, ovary, testis, stomach, intestine, and flesh. A rare but potent analogue, 11-oxoTTX, 
was also detected in the skin of all specimens of Arothron species from these two regions. 
Similarly, the presence of STX detected in Okinawan A. hispidus with one specimen containing 
STX equivalents (STX + dcSTX) level higher than the global regulation level increases the risk 
and dangers of pufferfish poisoning from these species. I hope the results obtained in this study 
will help authorities impose a ban on the consumption of these two species. 
Fig. 6. TTXs distribution profile of A. hispidus (average of samples No.1-3) and A. 
nigropunctatus (average of samples No.1-4) from Okinawa, Japan. Inserted diagram 
is for Takifugu pardalis from Miyagi Prefecture, Japan. 
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Chapter 2: Screening of bioactive compounds in marine invertebrates 
from the Solomon Islands 
2-0 Introduction 
 
Natural Products are intriguing sources of bioactive secondary metabolites. It was estimated that 
approximately 75% of antibiotic and anticancer drugs currently in use are from natural sources 
or are derived or modified from natural compounds.23) With the need to survive in the 
competitively harsh environment, organisms are believed to have developed predative and/or 
defensive mechanisms to hunt or protect themselves and in so doing produce some of the 
interesting secondary metabolites useful in combating a variety of diseases. In this study, 
invertebrates from the Solomon Islands including marine sponges were screened for potential 
bioactive compounds using the bioassay guided fractionation method.  
 
Marine Sponges: 
2-1.0 Melophlus sp. 
 
Steroidal glycosides such as the 30-norlanostane triterpenoidal saponin sarasinosides from 
marine sponges (class Demospongiae) 24) contain variable congeners,25) that displayed biological 
activities against various bacteria, yeast, or fungi,26) ichthyotoxicity against killifish Poecilia 
reticulata 27), and cytotoxicity against cancer cell lines.28,29) Few sarasinoside compounds were 
previously isolated from marine sponge genus Melophlus (similar to the marine sponge in our 
study. Fig. 7). Generally, known sarasinosides are classified according to their aglycon skeleton 
structures and sugar moieties which are represented by either pentaoside or tetraoside sugar 
types (Fig. 8).30,31). In this section, the discovery of a new sarasinoside congener, sarasinoside 
M2 (1; Fig. 9), will be presented along with a known sarasinosides B1 (2 Fig. 10 (B)), which 
were isolated from a marine sponge assumed to be Melophlus sp. collected in the Solomon 
Islands. 
 
 
 
 
 
 
 
 
 
Fig. 7. Melophlus sp. 
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2-1.1 Procedure 32)  
2-1.1.1  Isolation and purification 
 
Portion (7 g) of a partially identified marine sponge Melophlus sp. (Fig. 7) was preserved in 
EtOH–H2O mixture (7:3, v/v) and transported from the Solomon Islands to Tohoku University. 
The general extraction, isolation and purification procedures based on cell cytotoxicity assay are 
outlined along with the preliminary results in scheme 2. Screening of potential compounds by 
HR-ESI-MS; MicrOTOF QII, Bruker Daltonics, Billerica, MA, USA) gave a new sarasinoside 
congener named sarasinoside M2, 1, along with a known sarasinoside B1 27, 31) (2 approximately 
1.4 mg. Fig 10 (B)).  Compound 1 (approximately 0.5 mg), a colorless powder was finally 
purified using Cosmosil Cholester column (4.6 × 250 mm, 5 μm, Nacalai Tesque, Kyoto, 
Japan), with gradient elution of MeOH–H2O (8:2, v/v) and MeOH–formic acid (99.9:0.1, v/v).  
Fig. 8. Few known sarasinosides with variable aglycon and sugar moieties. 
Scheme 2. Screening procedure of Melophlus sp. along with preliminary results.                                                                                                                         
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2-1.2 Result/Discussion 
2-1.2.1 Structure determination 
 
The HR-ESI-MS of 1 determined a molecular formula of C61H96N2O26 and also showed [M + 
Na]+ m/z 1295.6128 (calcd. for C61H96N2O26Na 1295.6144; Fig. 10 (A)). Compound 2 displayed 
fragment ion at ([M + Na]+ m/z 1281.6310, calcd. for C61H98N2O25Na 1281.6351) and based on 
NMR data comparison, it was identified as the known sarasinoside B1.27) (Fig. 10 (B)). The 1H 
NMR (Fig. 11) signals and 13C NMR signals of 1 were partially assigned on the basis of 
gradient COSY, TOCSY, TOCSY1D, and gradient HSQC spectra as listed in Table 5. 
 
 
 
 
 
 
     
 
 
 
 
 
 
1: R=H             sarasinoside M
2
 
3: R=CH
2
OH    sarasinoside M 
A) sarasinoside M2 (1) B) sarasinoside B1 (2) 
Fig. 9. Structures of sarasinoside M2 (1) and M (3).                                                                                                                                       
Fig.10. HR-ESI-MS/MS of sarasinoside M2 (1) (A) and  sarasinoside B1 (2) (B) with the 
interpretation of the fragment ions respectively. Acronyms HN, H, and P represent N-acetyl 
hexose, hexose, and pentose, respectively                                                                                                                                     
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Table 5. NMR spectroscopic data of sarasinoside M2 (1) in CD3OD (20 °C) 
) 
                                                                                                                   
1H NMR (600 MHz), 13C NMR (151 MHz). ND indicates that it was not determined. *interchangeable assignment.                                                                                                                                    
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Although few coupling constants of the 1H signals in sugars of 1 were not determined 
completely (Table 5), TOCSY1D spectra of 1 and 2 revealed the same chemical shifts and 
coupling constants in their 1H NMR signals suggesting both have the same sugar moieties. 
Irradiation of the anomeric proton signals on each of the five sugars and independent H-6 
signals of GlcNAc indicated that both 1 and 2 possess a sugar moiety determined as 3β-O-[β-
Glcp (1→2) β-Xylp (1→6) β-GlcNAcp (1→2) (β-GalNAcp (1→4)) β-Xylp]27) except that due 
to sample amount, the absolute config 
uration of 1 was not obtained. 
 
Similar consistency was observed in HR-ESI-MS/MS spectrum by setting the precursor ion at 
m/z 1295.6128 [M + Na]+ (Fig. 10(A)), yielding a fragmentation pattern similar to that of 2 (Fig. 
10(B)). Major fragment ions of 1 at m/z 1092.5309, 930.4830, and 798.4380 were depicted as 
sequential losses of GalNAc, Glc, and Xyl2, respectively while lower fragment ions at m/z 
498.1826, 336.1306, and 204.0883 in 1 (Fig. 10(A)) correlated well with the loss of Glc-Xyl2-
GlcNAc, an overall pattern similar to 2 (Fig. 10(B)). Therefore, compounds 1 and 2 would then 
vary in their steroidal structures which were indicated by C21H32O for 1 and C21H34 for 2. 
 
1H NMR data comparison of 1 with other known sarasinosides possessing an aglycon structure 
of C21H32O indicated that 1 has the same aglycon structure as 3,33) which contains a rare ether 
bond between two olefin carbons (C8 and C9; Fig. 9). Similarities in the characteristic coupling 
signals of 1 at H-11 (δ 5.21, t 6.4 Hz) and H2-12 (δ 3.00, dd 13.0, 6.4 Hz; δ 2.12, m), with those 
of 3 (H-11 δ 5.21, t 6.9 Hz and H2-12 δ 3.00, dd, 13.2, 6.9 Hz; δ 2.12, dd, 13.2, 6.9 Hz),33) 
suggested the possible existence of ether bond fragments of 1 (Fig. 12). The existence of such 
seemingly unstable epoxy bond between C8 and C9 can also be seen in the crystal structure of 
tylopiol A34). Despite the low yield of 1, HMBC correlation of 1 observed at C9 (δ 171.2)/H3-19 
agrees with the chemical shift at C9 of 3 (δ 172.7).33) This confirmed that 1 and 3 differ only in 
the third sugar moiety: the internal Glc in 3 is replaced by Xyl in 1. Other reported steroidal 
congeners with a characteristic ether bond between two olefin carbons included tylopiol A.34) 
sarasinoside A4,35) and jereisterol A.36) 
Fig. 11. 1H NMR spectrum of 1 with major signal assignments.                                                                                                                                     
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Fig.12. Sarasinoside M2 (1) and its partial structures determined based on the 
COSY spectrum (600 MHz in CD3OD). 
sarasinoside M2  
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2-1.3 Cytotoxic Activity Test 
 
The cytotoxic activities of 1 and 2 were tested with Neuro-2a mouse neuroblastoma and HepG2 
human Caucasian hepatocyte carcinoma cell lines. Briefly, cells were cultured in RPMI 1640 
medium (Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine serum and 
1.0% penicillin/streptomycin in 96-well plates and incubated at 5.0% CO2 and 37 °C. After 24 
h, Cell Count Reagent SF (Nacalai Tesque) was added, and the cells were further re-incubated 
for 2.5 h. Bio-Rad 680 Microplate reader (absorbance: 405 nm) was used to evaluate their 
cytotoxic activity.  The IC50 values (n=3) of 1 and 2 toward Neuro-2a cells were approximately 
21.5 ± 1.6 and 7.3 ± 0.3 μg/mL, respectively (Fig. 13 (A-B)). Cytotoxicity evaluation against 
HepG2 cells revealed IC50 for 1 as approximately 24 μg/mL (mean of n = 2) and for 2 as 7.2 ± 
1.2 μg/mL (mean ± SD, n = 3; Fig. 13 (C-D)). These values show that both 1 and 2 displayed 
moderate cytotoxic activities. 
 
 
 
 
 
 
 
 
A) Cytotoxicity of sarasinoside M
2 
against 
Neuro-2a cells 
B)  Cytotoxicity of sarasinoside M
2 
against 
HepG2 liver cells 
Sarasinoside M
2
 displayed IC
50
 at 21.5 ± 1.6 
µg/mL. Cytotoxicity bioassay carried out in 
triplicate. 
Sarasinoside M
2
 displayed IC
50
 at 24 µg/mL 
(mean of two data). Cytotoxic bioassay carried 
out in duplicate 
C)  Cytotoxicity of sarasinoside B
1 
against 
Neuro-2a cells 
D)  Cytotoxicity of sarasinoside B
1 
against 
HepG2 liver cells 
Sarasinoside B
1
 displayed IC
50
 at 7.3 ± 0.3 µg/mL.  
Cytotoxicity bioassay carried out in triplicate. 
Sarasinoside B
1
 displayed IC
50
 at 7.4 ± 1.2 µg/mL.  
Cytotoxicity bioassay carried out in triplicate. 
Fig.13. Cytotoxic activities of sarasinosides M2 and B1 against Neuro-2a and HepG2 cell lines. 
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2-2  Haliclona sp.  
Marine sponge Halichlona sp. belongs to the Order Haplosclerida and Family Chalinidae.37) 
Over the years, many bioactive compounds have been reported from marine sponge genus 
Haliclona. Some included antibacterial activities,38) anti-parasitic activities 38) and anticancer 
activities,39,40) 
 
2-2.1 Procedure 
2-2.1.1  Isolation and purification 
 
A portion (6 g) of a partially identified marine sponge Haliclona sp. (Picture in Scheme 3) was 
preserved in EtOH–H2O mixture (7:3, v/v) and transported from the Solomon Islands to Tohoku 
University. The general procedures involving extraction, isolation and purification based on cell 
cytotoxicity assay are outlined along with the preliminary results in scheme 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 3. Screening procedure of Halichlona sp. along with preliminary results. 
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2-2.2 Result/Discussion 
2-2.2.1 Structure identification 
 
HR-ESIMS (MicrOTOF QII, Bruker Daltonics, Billerica, MA, USA) screening of the active 
fractions from preliminary cell-based assay revealed two known stereo chemically related 
compounds corresponding to the major peak observed in the HPLC DAD (UV absorbance 240 
nm). The molecular formula observed for 4 (S11F4F40) was determined as [M + H - H2O]+ 
C27H47O5; m/z 451.3420, and [M + Na]+ m/z 491.3341 (calcd. for C27H48O6Na 491.3343) (Fig. 
14) while 5 (S11F4F42) gives [M + H - H2O]+ C27H47O5; m/z 451.3405 and [M + Na]+ m/z 
491.3334 (calcd. for C27H48O6Na 491.3343) (Fig. 15). FAB MS also confirmed both compounds 
as [M + Na]+ m/z 491.9827 (est. for C27H48O6Na). The 1H NMR signals and 13C NMR signals of 
4 and 5 were comparably assigned on the basis of gradient COSY, TOCSY, TOCSY1D, and 
gradient HSQC (Fig. 16, 17) and HMBC spectra. Comparison with known 9-11 secosterol 
compounds revealed that 4 (although now with more precise assignment) was identical to 
herbasterol previously isolated from Dysidea herbacea 41) (Fig 18) and 5 with stellettasterol 
isolated from Stelletta sp 42) (Fig 19). 
 
Among other major signals, 13C NMR of four methyl in 4 and 5 were observed at C18 
(18.5/17.6), C21 (20/19.9), C26 (22/22.6), C27 (22/22.8). The 1H NMR spectrum revealed the 
presence of these four methyl at H-3 (0.75, s, 3H/0.77, s, 3H), H-21 (1.02, d, 3H/1.0, d, 3H) and 
H-26 (0.88, d, 3H/0.88, d, 3H). The only chemically different characteristic point observed in 
HSQC data of 4 and 5 is the stereochemistry of C3. NMR spectral data of 4 via gradient HSQC 
revealed coupling at C3/73 (3.22 m, 1H) (Fig. 16) while that of 5 was C3/ 69 (3.83, s, br 1H) 
(Fig 17). The coupling assigned for methine and the oxygenated methine proton at position C3 
of 4 and 5 correlated well with known compounds herbasterol and stellettasterol respectively. 
As suggested by Li et al 1992,42) referring to stellettasterol, the absolute configuration at C3 
deviates from herbasterol C3 in that the coupling constant of 11.6 Hz between H1 and H2 and 
that of 2.9 Hz between H2 and H3 indicated that H2 was axial and H3 was equatorial (Fig 18, 
19)  
 
 
 
 
 
 Fig.14. HR-ESIMS of compound 4 (S11F4F40) 
Fig.15. HR-ESIMS of compound 5 (S11F4F42) 
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Fig. 16. HSQC spectrum of 4 (600 MHz in CD3OD) 
Fig. 17. HSQC spectrum of 5 (600 MHz in CD3OD) 
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2-2.3 Cytotoxic Activity Test 
In light of the difference in stereochemistry at position C3 of 4 and 5, Neuro 2a cell cytotoxicity 
evaluation showed that 4 displayed slightly stronger cytotoxic effect at IC50 9.4 μg/mL 
compared to 5 with a preliminary result showing IC50 > 9.4 μg/mL. Since both 4 and 5 were 
isolated from the same marine sponge (Haliclona sp.), while herbasterol and stellettasterol were 
obtained from two different marine sponges Dysidea herbacea and Stelletta sp. respectively, it 
would be interesting if other studies highlight questions of their biogenetic origins and the roles 
these polyoxygenated 9-11 secosterol compounds play in these marine sponge species.  
 
2-3 Conclusion  
Chemical studies on selected marine invertebrates showed a new sarasinoside congener, 
sarasinoside M2 (1) isolated from Melophlus sp., along with a known sarasinoside B1 (2). 
Sarasinoside M2 and B1 displayed moderate activities against both Neuro 2a and HepG2 cell 
lines. Furthermore, screening of a portion of marine sponge Haliclona sp. yielded compounds 4 
and 5 which (on the basis of spectral comparison) were believed to be known polyoxygenated 9-
11 seco-steroids herbasterol and stellettasterol respectively. The cytotoxicity study of 4 
(herbasterol) showed a moderate activity against Neuro 2a cell line. 
 
 
Fig. 18. Comparison of the partial NMR data of 4 with herbasterol 41) 
Fig. 19. Comparison of the partial NMR data of 5 with stellettasterol 42) 
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